Abstract
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Non-ionic surfactant vesicles (NISV) are synthetic membrane vesicles formed by self-25 assembly of a non-ionic surfactant, often in a mixture with cholesterol and a charged 26 chemical species. Different methods can be used to manufacture NISV, with the majority 27 of these requiring bulk mixing of two phases. This mixing process is time-consuming and 28 leads to the preparation of large and highly dispersed vesicles, which affects the 29 consistency of the final product and could hinder subsequent regulatory approval. In this 30 study, we have compared the physical characteristics of NISV prepared using two 31 conventional methods (thin-film hydration method and heating method) with a recently 32 introduced microfluidic method. The resulting particles from these methods were assessed 33 for their physical characteristics and in vitro cytotoxicity. Through microfluidics, nano-34 sized NISV were prepared in seconds, through rapid and controlled mixing of two miscible 35 phases (lipids dissolved in alcohol and an aqueous medium) in a microchannel, without the 36 need of a size reduction step, as required for the conventional methods. Stability studies 37 over two months showed the particles were stable regardless of the method of preparation 38 and there were no differences in terms of EC50 on A375 and A2780 cell lines. However, 39 this work demonstrates the flexibility and ease of applying lab-on-chip microfluidics for 40 the preparation of NISV that could be used to significantly improve formulation research 41 and development, by enabling the rapid manufacture of a consistent end-product, under have a wider range of chemistries that can be selected to provide greater potential for 54 innovation related to vesicle composition [1, 3] . Surfactants commonly employed include 55 polyoxyethylene fatty acid esters (Tweens), sorbitan fatty acid esters (Spans), alkyl ethers, 56 and alkyl glyceryl ethers (Brijs) [4] , while other additives include cholesterol, which affects 57 the mechanical strength and permeability of the bilayer structure [5, 6] 
Preparation of NISV by the thin-film hydration (TFH) method
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NISV were prepared using the thin-film hydration (TFH) method as described elsewhere 
Preparation of NISV by microfluidics
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NISV were prepared using a NanoAssemblr TM (Benchtop, Precision NanoSystems Inc.,
144
Vancouver, Canada) as described by Obeid et al. [27] . The mixing of the two phases NISV size was observed and found to be TFR dependant. At a TFR < 3 ml/min, the 312 difference between the particles prepared at FRR of 3:1 and 5:1 was not significant 313 (p>0.05). However, at higher TFR (> 3 ml/min), the difference between these two FRRs 314 was significant (p<0.05). For example, at a TFR of 0.5 ml/min, the particle size prepared 315 at FRR of 1:1, 3:1 and 5:1 were 219.71 ± 15.69 nm, 181.14 ± 6.65 nm, and 183.32 ± 4.88 316 nm, respectively while at a TFR of 12 ml/min, the particle size for NISV was 177.73 ± 5.26 317 nm at FRR 1:1, 165.90 ± 0.92 at FRR 3:1 and particles prepared at FRR 5:1 was 145.25 ± 318 4.64 nm. The TFR was shown to have a significant (p<0.05) effect on particle size where 319 the increase in the TFR from 0.5 ml/min to 9 ml/min resulted in an overall reduction in 320 particle size at all the FRR. However, further increase in the TFR above 9 ml/min was not 321 associated with a significant decrease in particle size at all the FRR (Figure 4 ).
Morphological analysis of NISV prepared by different methods
Regarding the effects of the FRR on the total particle charge, the increase in the solvent of the TFR. This means that the FRR factor also has an effect on the ZP in addition to its 327 effect on particle size. However, this effect on the ZP was not significant (p>0.05). that the aqueous media used also has a significant effect on NISV characteristics when 419 prepared by microfluidics [27] . So microfluidic mixing allows the production of NISV with 420 a tuned particle size by varying the TFR, FRR, and aqueous media. 
